In addition, improvements and optimizations that were applied to the ANTARES laser beacon will be also tested in the pre production deployment. In addition many improvements and optimizations were applied to the ANTARES Laser Beacon, in order to adjust a new laser setup for KM3NeT calibration purposes. The design, optimization and construction of these optical time calibration devices are described.
I. INTRODUCTION
Since the Earth acts as a shield against all particles except neutrinos, a neutrino telescope uses the detection of upward going muons as a signature of muon neutrino interactions in the matter below the detector. The muon detection medium may be a natural body of water or ice through which the muon emits Cherenkov light (see Figure n.l). Its detection allows the determination of the muon trajectory.
This detection technique requires discriminating upward going muons against the much higher flux of downward atmospheric muons (see Figure n. 2). To simplify the discrim ination, the detector is installed in a deep site where a layer of water or ice would shield it.
In order to correlate the measured muon spectrum with the original neutrino spectrum, it is necessary to understand the dynamics of neutrino interactions, the opacity of the Earth, the energy loss of muons and the resolution of the detector over a wide range of angles and energies. It is easy to understand Supported through the EU, FP6 Contract no. 011937 and FP7 grant agreement no. 212252 Water-based neutrino telescopes have intrinsic and unavoid able limitations in the time precision as the chromatic dis persion and scattering of light in water (0" rv 2 ns for a traveling distance of 50 m), and the combined effect of the photomultiplier (PMT) transit time spread and electronics (0" rv 1.5 ns). Taking into account these intrinsic limitations, the required precision of a time calibration system to measure the relative time between photo-sensors should be 0" :::; 1 ns.
Experience has shown that a system of external sources is very useful to ensure the time calibration of the detector: in ANTARES, for example, are used LEDs and lasers located throughout the detector, producing short in time and powerful light pulses. The detection of this light by means the PMTs allow the measurement of the time delay between the arrival of the photon to the photocathode and the time stamping in the front-end electronics.
In this paper an optimized calibration system is described, according with the requirements for the KM3NeT detector. _1 0 """T"T"�" "T" "T"rT T"T"T"r rT"T"T"T "T T"'-rT T" "T" "T"rT T"T"T"r rT" "'" .... 
II. THE KM3NET NEUTRINO TELESCOPE
The KM3NeT Consortium aims to construct a deep sea research facility at the bottom of the Mediterranean Sea, which will house a neutrino detector of cubic kilometer scale (in Fig  n. 3 a conceptual view is shown). The detector will consist of a three-dimensional array of several thousand PMTs, enabling the detection of muons induced by high energy cosmic neutrinos. In order to reach an angular resolution better than 0,1 0 for energies above 100 TeV, high quality positioning and timing calibration are required.
A sequence of storeys interlinked by a system of tension ing ropes arranged to force each horizontal element to a position perpendicular to its vertical neighbours, represents the mechanical arrangement of the semi-rigid system, called "detection unit". The DDs are anchored to the sea floor and held in tension by submerged buoys.
Actually the pre-production model of the multi-PMT Digital Optical Module (DOM) is in progress (Figure n. 4): the objec tive of the DOM is to measure photons at a single photon level. The DOM is designed to reduce the number of connectors in the telescope as much as possible. The equivalent of the DOM consists of a 17 inch diameter pressure resistant glass sphere with in total 31 photomultipliers (PMTs) of 3 inch diameter. The PMTs are suspended in a foam support structure: 19 in the lower hemisphere and 12 in the upper hemisphere. The photon collection area of the PMTs are extended by the use of a bevelled reflective aluminum collar, the expansion cone.
III. THE CALIBRATION SYSTEM
The angular resolution of the track reconstruction of a neutrino telescope depends on the accurate measurement of the arrival time of the Cherenkov photons reaching the photon sensors. For this reason an optimized optical calibration system for KM3NeT is proposed. In order to simplify the system and at the same time to reduce the costs, an optical system decou piing the intra/inter DD calibration and based on pulsed light sources, LEDs and lasers has been designed (see in Figures n. 5 the optical calibration devices). Devices performing intra DD time calibration allow determination of the time offsets between the optical modules of the same DD: based on the idea of the ANTARES LED optical beacons, a system made of nanobeacons, devices containing LEDs pointing upwards, will be mounted in the inner surface of the optical modules (see details in Figure n. 4) .
Conversely, global time offsets between DDs can be de termined by means of powerful lasers located at the bottom of several DDs or in a different position (between DDs) on the sea floor: in this way these laser beacons will permit relative calibration between several OMs of different DDs. In fact, lasers anchored to the seabed provide a common reference with a fixed position, representing a useful monitor for possible DD movements and allowing for cross-checks within the positioning system [3] . 
A. The Laser beacons
The Laser Beacon source is a diode pumped Q-switched Nd-YAG Teem Photonics laser which produces very short light pulses, rv 400 ps (FWHM), of high intensity (rv20 J.1J) and at a wavelength of 532 nm. That laser is housed in a cylindrical titanium container; the bottom end-cap holds the penetrator of the power supply and the cable connectors. Inside the container, as shown in Figure n 
B. The Nanobecons
The NanoBeacon is an optical device containing a small number of LEDs (one or two) mounted on a mechanical structure included inside the multi-PMT DOM, and pointing outwards to illuminate other OMs located on the same DU.
A 15° opening angle is sufficient to illuminate OMs above the beacon even in perpendicular arrangement including po tential misalignment (see Figure n. 8) The main component of the NanoBeacon electronics is the pulser circuit that provides the electrical signal to enable the LED flashing. A PVC support offers the mechanical housing for the NanoBeacon pulser. The control electronics board provides the required voltage to set the flash intensity of the LED and the trigger signal, either from an external clock signal setting the trigger rate, or generated in the same board, by means of a I2C command that would set the trigger rate. The selection between both configurations is done with an I2C command. In the next section will be described the selection process performed during some in-situ tests, and as result the NSPB500S model, produced by MARL International Limited, has been selected for KM3NeT. Fig. 9 . Nanobeacon scheme C. In situ tests
INPUTS J
Several LED models have been tested in the laboratory. According to the studies carried out in terms of amplitude and rise-time of the emitted pulses and angular distribution of light, four models were preselected as suitable to be used in the NanoBeacon device. In particular the CB26, CB30, AB87 LED models from the AVAGO Technologies [6] and the NSPB500S model, produced by MARL International Limited [7] , have been chosen. Following the recovery and redeployment of ANTARES line 12, these new models were incorporated in the lowest of the LED Optical Beacon of the line and tested in-situ at a depth of 2500m (pressure 250 bar). The ANTARES LED beacons were originally designed also to illuminate nearby lines, and the caps of the LEDs were machined off to widen the angular distribution of the light emitted. However, in a decoupled system in which the nanobeacons are used to illuminate only the floors in the same detection unit, a modified LED angular distribution is not necessary and uncleaved LEDs allow for longer ranges. Table  I , a comparison between the ANTARES LED and the four candidate LEDs for KM3NeT has been obtained. The plot shows the light relative intensity of each tested LED as a function of the distance: in this way it is possible determine the maximum reachable distance for each LED type. In both 1 photo electron (l hit per flash), or in 0.1 pe level (0.1 hit per flash), the NSPB500 seems to be the better choice, with higher intensity and an attractive angular FWHM, it will be the candidate LED for KM3NeT. More distance reachable and an adequate FWHM, it will be the candidate LED for KM3NeT. The Nanobeacon will be integrated inside the multi PMT Digital Optical Module (DOM).
IV. CONCLUSIONS
An accurate study to develop the time calibration systems has been performed to achieve the high angular resolution required by the KM3NeT Consortium, and a modern time calibration system is proposed. The designed system for the new neutrino telescope will guarantee an appropriate time resolution measurements, at the nanosecond order. Due to the geometry of the detector, and in order to simplify the system, decoupling the intra-DU and inter-DU calibration has been proposed.
In the paper, the technology and the design of the Laser Beacon and the nanobeacon system have been described. In detail, the Laser beacon based on the one used in ANTARES has been improved: a more powerful model will be installed equipped with the electronics; also the titanium container has been optimized. On the other side, the nanobeacon based on the ANTARES LED Optical Beacon design uses a very short and high intensity light pulses. The system also makes it possible to monitor the influence of the water on the light propagation. First laboratory tests have been done, and later confirmed by in-situ test performed thanks to the ANTARES collaboration.
